Background: Hepatitis B virus (HBV) infection is a serious public health problem in China and worldwide. Mother-to-child transmission is one of HBV's main transmission routes in highly endemic regions. Genome-wide association studies (GWAS) identify single nucleotide polymorphisms (SNPs) at HLA loci as associated with HBV infection. However, the mechanisms of HBV perinatal transmission and breakthrough in children have not yet been clearly defined. Objectives: We aimed to explore the association between SNPs at HLA loci and HBV infection and breakthrough in children. Methods: A total of 274 HBV-infected children and 353 controls were selected among children aged between 6 months and 12 years in China. Seven SNPs at HLA-DP and HLA-DQ loci were genotyped to analyze their association with HBV infection in children. Results: Alleles G in both HLA-DPA1 rs3077 and HLA-DPB1 rs9277535 were found to be significantly associated with HBV infection in children with odds ratios (OR) of 1.309 (95% CI 1.046 to 1.639) and 1.411 (95% CI 1.125 to 1.771), respectively. In addition, overdominant analysis found that the rs2281388 (HLA-DPB1) GA genotype and the rs9366816 (HLA-DPB2) TC genotype were related to HBV infection (rs2281388, OR = 1.422, 95% CI: 1.032-1.961; rs9366816, OR = 1.444, 95% CI: 1.045-1.994). Furthermore, this study highlighted that rs9277535 was also significantly associated with HBV breakthrough infection in children whose mothers were positive for hepatitis B surface antigen (HBsAg). Conclusions: Our study confirmed that genetic variants in HLA-DPA1 and HLA-DPB1 loci have significant associations with HBV infection, especially with HBV breakthrough in children. This study provides insight into HBV infection in children and is valuable for the targeted management of, and control strategies for, this disease.
Background
Hepatitis B (HB) is one of the viruses that attack the liver and can cause both acute and chronic hepatitis, representing a serious public health problem. It is estimated that more than 2 billion people (1/3 of the global population) have been infected with the hepatitis B virus (HBV) worldwide, of whom 360 million are chronic HBV carriers (from 4% to 6% of the global population) (1) . The possibility of chronic HBV infection depends upon the age at which a person is infected. After HBV exposure, the risk of developing chronic hepatitis B (CHB) infection is less than 5% in adults and adolescents; however, for children < 5 years of age and newborns, the risks are as high as 25~30% and 80 90%, respectively (2, 3) . Furthermore, from 15% to 40% of HBV chronic carriers are expected to progressively develop cirrhosis, hepatocellular carcinoma (HCC) and endstage liver failure (4) .
China used to be an area with a high rate of HBV infection and one of the main transmission routes was motherto-child transmission. Since implementing the Expanded Program on Immunization (EPI) in 1992 (this program recommends that all newborns receive three doses of recombination HB vaccine: 5 µg at 0, 1 and 6 months), the prevalence of hepatitis B surface antigen (HBsAg) in China has been reduced from 9.8% in 1992 to 7.2% in 2006 (5) . Although vaccination is effective in preventing vertical transmission, there are still a number of children infected each year. It was reported that approximately 10% of the children whose mothers were positive for HBsAg and hepatitis B e antigen (HBeAg) did not achieve the protection level and ultimately developed CHB (6) .HBV infection is generally attributed to immunological factors, viral factors, environmental factors and host genetic factors. Recently, several genome-wide association studies (GWAS) have reported that genetic variants in the human leukocyte antigen (HLA) are associated with prolonged HBV infection or HBV clearance in adults (7) . Kamatani et al. (8) and Mbarek et al. (9) demonstrated that single nucleotide polymorphisms (SNPs) at HLA-DPA1, HLA-DPB1, HLA-DQB1 and HLA-DQB2 were strongly associated with chronic HBV infection in Japanese and Korean populations. The association was also proved by Hu et al. (10) and Guo et al. (11) in the Chinese population. However, whether genetic variants in HLA influence the outcome of HBV infection and breakthrough in children still remains unknown. In this study, we aimed to use a case-control study to identify and confirm whether those reported SNPs in adults are related to HBV infection in children.
Objectives
The aim of this study was to explore the association between SNPs at HLA loci and HBV infection and breakthrough in children.
Methods

Study Subjects
During October 2013 and May 2015, a total of 627 Han Chinese children were consecutively recruited from the hospital of Chongqing medical university and health center for women and children in Chongqing. Of these children, 274 were HBsAg positive (cases) and 353 were HBsAg negative (controls). Diseased children were included if they were aged from 6 months to 12 years, were HBsAg positive for over 6 months regardless of their alanine aminotransferase (ALT) levels, HBV DNA levels or HBeAg status. Control children were included if they were from the same hospital, were HBsAg negative and had normal serum ALT levels. Subjects with other liver diseases or autoimmune diseases were excluded. Blood samples were collected from the study children and their mothers for further use. Data regarding physical examinations, delivery modes, feeding patterns and HBV vaccination in the study children were obtained from their medical records or questionnaire interviews. The research was conducted according to the guidelines of the world medical association declaration of Helsinki. Written informed consent was obtained from all the subjects in accordance with the study protocol approved by the ethics committee of Chongqing medical university.
Laboratory Testing
HBV markers (HBsAg, HBsAb, HBeAg, HBeAb and HBcAb) in the subjects and their mothers were tested by enzyme-linked immunosorbent assay (ELISA). Diagnostic kits were purchased from the Shanghai Kehua bioengineering technology company, limited (Shanghai, China). Human genomic DNA samples were extracted from venous blood samples using a BioTeke DP6101 kit (BioTeke corporation, Beijing, China) according to the manufacturer's instructions. The DNA concentration was measured by Nanodrop2000c spectrophotometer (Thermo Scientific, DE). The eluted DNA was stored at -80°C for further use.
SNP Genotyping
Seven SNPs (rs3077 at HLA-DPA1; rs9277535, rs2281388 and rs3135021 at HLA-DPB1; rs9366816 at HLA-DPB2; rs2856718 at HLA-DQB1; and rs7453920 at HLA-DQB2) were selected in total. Genotyping was performed according to the mass array time-of-flight mass spectrometer (Sequenom company, USA). Polymerase chain reaction (PCR) and extension primers were designed using MassARRAY assay design 3.1 software (Sequenom company, USA). The genotyping procedures were performed according to the manufacturer's iPLEX application guide (Sequenom company, USA). The PCR amplification conditions included an initial precycle incubation of 94°C for 15 minutes, followed by 45 cycles of denaturation at 94°C for 20 seconds, annealing at 56°C for 30seconds, and extension at 72°C for 60seconds. All the genotyping reactions were performed in 384-well plates. Each plate included four randomly selected duplicates and six negative controls using double distilled water. The average concordance rate for the genotypes was 99.5%.
Statistical Analysis
Statistical analysis was performed with the statistical package for the social sciences (version 17.0, SPSS Inc., Chicago, IL, USA) on a computer. Descriptive statistics (mean, standard deviation and percentage) were conducted to reflect the background characteristics of the participants. Categorical and continuous values were compared by the χ 2 test, which was also used for the genetic model analysis. Fisher's exact test was applied when the χ 2 test could not be used in certain circumstances. Each component of the model was as follows: allele A versus allele B, A as the major allele, B as the minor allele, dominant model (AB + BB versus AA), recessive model (BB versus AB + AA), codominant model (AA versus AB versus BB), and overdominant model (AA + BB versus AB). The Hardy-Weinberg equilibrium was used to test for the deviation of genotype distribution. Logistic regression was performed for the association between variants in the seven selected SNPs and HBV infection by computing odds ratios (ORs) and 95% confidence intervals (CIs). A P value < 0.05 was defined as statistically significant.
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Results
General Characteristics of the Subjects
Baseline characteristics of the study subjects are provided in Table 1 . A total of 627 subjects (361 children were males) were recruited in this study, including 274 patients (90 children were born to HBsAg-positive mothers) and 353 controls (132 children were born to HBsAg-positive mothers). The characteristics of sex, HBIG and HBV vaccination, delivery mode and mother's HBV infection status showed significant differences between the two groups (P < 0.05).
Relation of the SNPs and HBV Infection Risk in Children
The genotype distributions of SNPs were in accordance with the Hardy-Weinberg equilibrium in both groups. As shown in Table 2 , SNPs rs3077 GG genotype in HLA-DPA1 and rs9277535 GG genotype in HLA-DPB1 were significantly associated with HBV infection after adjustment by sex, age, HBV vaccination, HBIG treatment, maternal HBV infection status, delivery mode and feeding patterns (OR = 1.584, 95% CI = 1.012-2.480, P = 0.004; OR = 2.199, 95% CI = 1.389 -3.480, P = 0.001; respectively). The risk alleles of G were found in both SNPs, with ORs of 1.309 (95% CI 1.046 to 1.639) and 1.411 (95% CI 1.125 to 1.771), respectively.
We conducted a genetic model analysis among the seven SNPs and the results are presented in Table 3 . Four genetic models were applied in this study. The dominant model: the risk genotype GG was identified in both rs3077 and rs9277535, with ORs of 1.724 (95% CI 1.105 to 2.691) and 2.484 (95% CI 1.577 to 3.913), respectively. The overdominant model: the genotype GA in rs9277535 was found to be a protective factor for HBV infection in children (OR = 0.076, 95% CI 0.010 -0.583). In addition, the rs2281388 GA and rs9366816 TC genotypes were correlated with HBV susceptibility, respectively (rs2281388, OR = 1.422, 95% CI 1.032-1.961; rs9366816, OR = 1.444, 95% CI 1.045 -1.994). Finally, the codominant model: the rs9277535 AA genotype and rs3077 AA genotype were still found to be significantly different between cases and controls (P = 0.044, P = 0.001). Only the rs9277535 genotype was observed to be significantly different in recessive model analysis (OR = 1.752, 95% CI 1.123 -2.735).
Relation of the SNPs and HBV Breakthrough Risk in Children
We further explored the association of those SNPs at HLA loci and HBV breakthrough infection in children who were born to HBsAg-positive mothers. As shown in Table  4 , after adjustment by age, sex, delivery mode and feeding patterns, genotype GA in rs9277535 in HLA-DPB1 was also identified to be significantly associated with HBV breakthrough infection in the children whose mothers were positive for HBsAg (OR = 0.098, 95% CI 0.013-0.770, P = 0.027).
Discussion
In this study, we investigated polymorphisms in HLA-DP and HLA-DQ genes for HBV infection susceptibility in children. Our study firstly pointed out that four SNPs (HLA-DPA1 rs3077, HLA-DPB1 rs9277535, rs2281388 and HLA-DPB2 rs9366816) were significantly associated with HBV infection in children. Accumulating evidence has demonstrated that HLA-DP/DQ variants were associated with HBV infection in adults. Mbarek et al. reported that genetic variants in HLA-DQ loci (rs2856718 and rs7453920) were strongly related to HBV infection in the Japanese population (9), which was also confirmed in the Korean and Chinese Han populations (10, 12) . However, neither of the two currently hot SNPs showed significant signals in our study in children. This is possibly explained by the fact that children's immune systems have not yet fully developed in comparison to those of adults, thus causing different immune mechanisms to address HBV infection.
A number of previous studies, including GWAS, found that SNPs (rs3077 and rs9277535) in the HLA-DP gene were highly associated with chronic HBV infection in Asians (8, 11, 13, 14) . In our present study, there was a statistical difference in both allele G and genotype GG levels of the two SNPs when comparing patients with HBV infection and healthy children. This finding suggests that the rs3077 and rs9277535 major G alleles are risk factors for HBV infection, which is consistent with the previous studies. O'Brien et al. found that rs3077 and rs9277535 were also strongly associated with the decreased mRNA expression of HLA-DPA1 and HLA-DPB1 respectively, indicating that lower expression of HLA-DPA1 and HLA-DPB1 is a factor for increased risk of chronic HBV infection (15) , which shows that the expression of these genes is important for the control of HBV replication. However, whether the variants in HLA-DP are related to liver cirrhosis or HCC development remains to be seen. Liao et al. found that HLA-DP polymorphisms (rs3077 or rs9277535) were not associated with HCC development, but were related to HBV susceptibility and HBV natural clearance (13) . Hu et al. demonstrated that a variant at rs9277534 in HLA-DPB1 could influence both the spontaneous clearance of HBV infection and progression from asymptomatic HBV carriers to HBV-related liver cirrhosis in the Southwest Han Chinese population (16) .
Additionally, through genetic model analysis, our study found that rs9366816 (TT + CC versus TC) near HLA-DPB2 showed significant association with HBV infection in children. This finding was consistent with a previous study in male Han Taiwanese, which showed that rs9366816 is an independent contributor to HBV susceptibility (17). Zhang et al. reported that another SNP rs2281388 (GG + AA versus GA) in HLA-DPB1 was statistically related to HBV infection in 
genotype B of HBV-infected subjects (18).
A new finding identified in this study was that rs9277535 variants are still significantly related to HBV infection in children who were born to HBsAg-positive mothers. The children in our study were all born later than 2002 and were older than 6 months when China began the immunization program offering free HB vaccine to all neonates. Both routine HB vaccines and HBIG are recommended at birth for infants born to HBsAg-positive mothers. Mother-to-child transmission of HBV remains one of the main transmission routes in China and is also the cause of a rate of 5 -10% immunoprophylaxis failure (19) . High levels of maternal viral load and HBeAg titer might induce the vaccination failure (20, 21) . Escape mutants in the "a" determinant region and S gene of HBV might be associated with vaccination failure in some infants (22, 23) . Such mutants could potentially escape neutralizing HBsAb and infect vaccinated persons. Recently, a study in Taiwan showed that immunized children who were born to genotype C mothers might have a higher rate of breakthrough infection than those who were born to genotype B mothers (24) . The difference in the results mentioned above is possibly explained by the fact that the effect of host genetic variants in HBV infection was not taken into consideration. Family clustering analysis and twin studies showed that host genetic factors could explain 63 -85% of vaccine responses to hepatitis B virus (25) . Yan et al. demonstrated that host genetic factors played a dominant role in determining HBV vaccination responses in infants (91%), as compared with perinatal environmental factors (26) . In addition, Komatsu et al. found that although HLA-DPA1 (rs3077) variants did not show statistical associations with early HBeAg seroconversion, they might increase the possibility of achieving early spontaneous HBeAg seroconversion in children (27) . In our study, we identified that HLA-DPB1 rs9277535 was related to HBV breakthrough infection in children who were born to HBsAg-positive mothers. These genetic variants might be a useful reminder when developing a new HB genomic vaccine to more adequately prevent the spread of HBV.
In conclusion, the genetic variants of four SNPs (rs3077, rs9277535, rs2281388 and rs9366816) in HLA-DPA1 and HLA-DPB1 loci have significant associations with HBV infection and breakthrough in children. This study provides insight into HBV infection in children and is valuable for the targeted management of, and control strategies for, this disease. 
